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TERMINAL AREA ENERGY MANAGEMENT 
REGIME INVESTIGATIONS UTILIZING AN 0.030-SCALE 
MUDEL (47-0) OF THE SPACE SHUTTLE VEHICLE 
ORBITER CONFIGURATION 140A/B/C/R IN THE 
AMES RESEARCH CENTER 117 x 11 FOOT 
TRANSONIC WIND TUNNEL (0A148) 
by 


P. J. Hawthorne, Rockwell International Space Division 
ABSTRACT 


This report documents data obtained in wind tunnel test OA148. 

The- objectives of the test series were -to: - 

1) obtain pressure distributions, forces and moments over the vehicle 
5 Orbiter in the terminal area energy management (TAEM) and approach phases 


of flight. 


2) obtain elevon and rudder hinge-moments in the TAE! anc approach 


phases of flight. 

3) obtain body flap and elevon loads for verification of loads 
balancing with integrated pressure distributions. 

4) obtain pressure distributions near the short OMS polls in the high 
subsonic, transonic and low supersonic Mach number regimes. 

Testing was conducted over a Mach number range from 0.6 to 1.4 with 
Reynolds number variations from 4.57 x 10° to 2.74 x 10° per foot. Model 


angle-of-attack was varied from -4 to 16 degrees and angles of side slip 


ranged from -3 to & degrees. 
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symbol] 


“Herot 


ASB 


BREF, BW 


BV 
CAU 


CA 


CAF 


CASC 
CDU 


CHBF 


CHET 


CHEO 


CHETOT 


CLU 


CBL 


NOMENCLATURE 


Definition 

total Orbiter base area, ft? 
area over which P; acts, ft? 
speed brake base area, ft? 
Orbiter wing span, in 

vertical tail reference span, in 


Orbiter uncorrected axial force coefficient 


Orbiter axial force coefficient with sting 
cavity adjusted to average base pressure 


Orbiter-forebody axial force coefficient. 
Orbiter sting cavity axial force coefficient. 


Orbiter uncorrected drag coefficient 


body flap hinge moment coefficient, about 
hinge line Xp = 1532.0 


inner elevon hinge moment coefficient, about. 
hinge line X, = 1387.0 


outer elevon hinge moment coefficient, about 
hinge line X, = 1387.0 





total right elevon hinge moment coefficient 


_ eerie mein eel etal te de mt et 


Orbiter uncorrected lift coefficient 


Orbiter rolling moment coefficient, body 
axis system 
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Plot 
Symbol 


CLM 


CLMU 
CLMF 


CLMSC 


CNU 


CN 


CNF 
CNSC 


CYN 


CPi 


cY 
cCxJCY] 


s ad Sid 
. ea hale she tf 


NOMENCLATUR. (Continued) 


Definitio 


ee i A 


Orbiter pitching moment coefficient with 
sting cavity adjusted to average base pressure, 
referenced to Orbiter MRC. 


Orbiter uncorrected pitching moment coefficient 


Orbiter forebody pitching moment coefficient 
referenced to orbiter MRC. 


Orbiter sting cavity pitching moment coefficient, 
referenced to Orbiter MRC 


Orbiter uncorrected normal force coefficient 


Orbiter normal force coefficient with sting 
cavity adjusted to average base pressure 


Orbiter forebody normal force coefficient 
Orbiter sting cavity normal force coefficient 


Orbiter yawing moment coefficient, body axis system 


surface tap pressure coefficient, port i, 
(Pj ae P..)/q 


Orbiter side force coefficient 


base area force and moment coefficients. 

The first subscript (post fix) designates the 
type of coefficient, the second the pressure 
tap and it's associated area. The symbolic 
vectors [X] and [Y] are defined below. 


axial force 
normal force 
side force 
pitching moment 
yawing moment 
rolling moment 
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NOMENCLATURE (Continued) 











Plot 
Symbol = symbol} Definition 
{Y]s 

an. l,c8e areas associated with pressure taps 

4,5,6 4,5,6 ] through 6 see figure 2b 

Sc SC Sting cavity area 

; bf BF upper bocy f'"p area 

'p LB Orbiter reference body length, IML nose 
to Xo = 1528.3, in. 

RREF LREF longitudinal reference length, Orbiter mean 
aerodynamic chord, in 

LU/DU uncorrected lift to drag ratio, CLU/CDU 

M MACH freestream Mach number 

> PHI angular cylindrical coordinate position 
around Orbiter body - deg. 

P. Pj pressure at surface tap i, PSF 

Po P freestreain static pressure, PSF 

Py PT freestream total pressure, PSF 

q Q freestream dynamic pressure, PSF 

RN/L unit Reynolds number, million per foot 

S SREF wing reference area, ft? 

Tt TTR freestream total temperature, °R 

Xep XCP/L center of pressure location referred to 1, 

X/L, X/LB longitudinal location of body surface, 


fraction of body length 
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symhot 


X/C 


K/Cy 


Xmrp 
XT 


Ymrp 


ZT 


Plot 
Symbol 
X/CW 
X/CV 
Z/BV 


2¥/BW 


XMRP 


XT 


YMRP 
ZT 


ALPHA 
BETA 
BDFLAP 


ELVN-L, 


L-ELVN 


ELVN-R, 


R-ELVN 
RUDDER 
SPDBRK 
ZMRP 
$$ 


NOMENCLATURE (Concluded) 


Definition 


chordwise location on wing surface, 
fraction of local chord 


chordwise location on vertical tail, 
fraction of local chord 


spanwise location on verticatail, 
fraction of vertical tail span 


spanwise location on wing, fraction 
of semi span 


longitudinal location of moment reference point 


longitudinal moment transfer distance from 
Orbiter balance center to Orbiter MRC, in 


lateral location of moment reference point 


vertical moment transfer distance from 
Orbiter balance center to Orbiter MRC, in 


angle of attack, degrees 
angle of sideslip, degrees 


body flap deflection, degrees 


left elevon deflection, degrees 


right elevon deflection, degrees 


rudder deflection, degrees 
speed brake deflection, degrees 
vertical location of moment reference point 


mask character used to indicate all 
possible values for this test 01 through 85 


mee i 
bere 
ced a 


eT en eed an 8 
" “Wy 4 ls , 
. . mT be Lj 


OF 





er ae ee a) ee ee 


wee See ee 2 Las . on in 


REMARKS 


During the course of the test it was necessary to replumb the scani- 
valves. The resultant time loss necessitated deleting the priority 4 runs 
which incorporated the use of the metric vertical tail. 

Data obtained from pressure taps 184, 296 and 347 are suspect due to 
slow leaks noticed while leak checking individual model pressure taps. 

Body flap htnge moment data for datasets RE8001 through RE8005 have 
a -15%drift while datasets RE4O06 and RESU07 have a +10%drift due to data 
recording system errors. System checks during the remainder of the test 
indicate a system error of less than 4% for body flap hinge moment dat. . 

Rolling moment data has an approximate -.003 bias °. -«- . efficient. 
The reason for this was not determined, but possif 2 sources are fabrication 
tolerances and/ur differential stiffness of the left and right elevon 
panels. 

Distortion of the instrumented elevoi. shaft appears to have occurred 
around run 310 due to model assembly difficulties and the maximum loads en- 
countered at these test conditions. A comparison of measured elevon de- 


flection before and after the test with the nominal setting is presented 


below: =, 

Elevon Panel Nomina] Pre-Test Post-Test 

-10 =9° 36' -8° 55' 

-4 -3° 34' -2° 55' 

Inboard right 0 +0° 10' +1° 02! 

4 +4° 26' +4° 28! 

10 +10°32' “10°39! 

-10 -9° 36' -8° 15' 

~4 -3° 34' -2° 20' 

Outboard right 0 +0° 10' % +1° 05! 

| 4 +4° 26! +3° 59! 

10 #10" 32 +10°18' 


* Inboard only was measured but was the same as outboard panel(see Ref 2) 
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CONFIGURATION INVESTIGATED 


The Rockwell International model 47-0 Space Shuttle Orbiter_Vehicle 
wis utilized in this test series. The model was originially constructed 
to -140A/B lines, but was-moditied- prior-to this test with the addition 
of the -140C OMS pods, six inch bevelled interpanel elevon gaps and un- 
covered RCS forward thrustor parts. To denote these additions, the addi- 
tional destgnations "C" (for -140C OMS pods) and "R" (for RCS thrustors) 
were added, and the slashes-deleted for convenience on Table II(désignated 
"~140 ABCR"). 

In data sets RE8069 to 085 the RCS thrustorports in the nose were 
filled reverting the configuration to -140A/BLC modified with body B 


26— 
The following nomenclature denotes the model components: 


Component Description 
Big 140A/B fuselage (VL70-000140A, VLZ0000140B)—.—— 
Bay 140A/B fuselage (VL70-000140A, VL70-000145, VL70-000140B, 


VL70-000143A, VL70-000139) with RCS thrustor parts (VL70-... 


08501, VL70-08502, VL70-08296) 


Cy 140A/B basic canopy (VL70-000140A, VL70-000143A) 
Eng 140A/B elevons (VL70-000200, VL70-006089, VL70-006092) 
with stx inch bevelled interpane] gaps, no_flipper door 
Fo 140A/B body flap (VL70-000140B, VL70-000200) 
Mi 6 OMS-RCS pods for 140C Orbiter 
Nog OMS basic nozzles 
Re basic Orbiter rudder (VL70-000146A, VL70-000095) 
Ve basic Orbiter vertical tiil (VL70-000140A, VL70-000146A) 
Wi16 basic 140A/B wing (VL70-000140B, VL70-000200) 
10 
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CONFIGURATIONS INVESTIGATED (Concluded) 


Designated configurations are: 


“140ABCR = Boy Co Egg Fo Mig Nog Re Vo Wry 
“140-ABC * By, Co E 
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ie, . 
TEST FACILITY DESCRIPTION : 
The Ames Research Center Unitary Plan 11- by 11-Foot Transonic Wind - | 
Tunnel is a closéd-circuit, air-medium, variable-density facility capable 
of attaining Mach numbers from 0.6 to 1.4 at Reynolds numbers from 1.7 x Ie 
10°/Ft to 9.4 x 10°/Ft. The test section is 22 feet long, and models are | 
installed on internal strain-gauge balances mounted to sting-type support 
systems. 
Shadowgraph and Schlieren photographic equipment is available, and : 
pressure transducer instrumentation is provided. 
Tunnel operating temperature is 580°R. Extended_high Reynolds number 
runs are restricted. by power availability. 
\ 
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DATA REDUCTION 


Standard NASA/Ames data reduction equations were used to reduce 
forces, moments, and pressures to coefficient form. Orbiter main balance 


force and moment coefficients were computed using the following equations: 


Symbol Orbiter main balance measurement a 
NF Normal Force 
AF Axial Force 
PM Pitching Moment 
YM Yawing Moment ‘ 
SF Side Force 
RM Rolling Moment 
CAL = AF / (q S) CL = CN COS «a “Cp sin a 
Cy = NF / (q S) ; Cp, = CN sin at Cy cos a 
Cy = SF / (q S) 


OM Ge a a Shee 
mre t At. wt 


qc Cc C 
Cc, = RM 4 Sy & Moment Transfer Distances : 
s b Se Se | 
: ? Xr = 0.572 in. 
Gy ee a Se Yr =0 
q°b ° Z+ = 0.450 in. 


The Moment Reference Center about which the data was reduced is 





located at 
Orbiter (Full Scale) 
re | 1076.68 
Yo 0 
Zi, 375.00 
Balance coefficients were grouped into datasets RE80$$. 
‘ 
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DATA REDUCTION (Continued) 


Hinge moments and hinge moment coefficients were computed using the 


foilowing equations: 
Elevon hinge moments (inboard and outboard). | 


HMe, = (HMI-HM2) (MI/D1) + HM} 


HMeo = (HM3-HM4) (M3/D3) + HM3 


where 

HMi = measured moment on strain gage i 

D1 = distance between gages 1 and 2, .49335 in. 

D3. «= «distance between gages 3 and 4, .45800 in. 

M1 = moment transfer distance for inboard elevon, .93825 in. 
M3. = moment transfer distance for outboard elevon, .92250 in. 


Elevon hinge moment coefficients 


Inboard, “He = MMe, / (q Se Ce) 





Outboard, Cy = HM, / (4 Se Ce) 
0 


n 


Total, C Cy +C 
Hetot = Hey Neo 


| 


S. = elevon reference area, 0.189 ft.? 


ae. Nee 


Ce = elevon reference MAC, 2.721 in. ! 


Body flap hinge moment coefficient : 


CHoe = HMbe / (9 Spe che? 


HMp¢ measured body flap hinge moment 


y 


Shf body flap reference area, 0.12834 ft.’ 
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DATA REDUCTION (Continued) 


7. Chf = body flap reference MAC, 2.541 in. 
% Hinge moment coefficients are part of datasets RE8X$$. 
Pressure coefficients for all model orifice pressure measurements 


were computed using this equation: 


Cp, 7 (P; - P )/q 


where P; = pressure at model orifice i 
P, = tunnel static pressure 
qG = tunnel dynamic pressure 

Other data reduction constants include: 
S = wing reference area, 2.4210 ft.2 
c = wing reference chord, 14.2443 in. 
b = wing reference span, 28.1004 in. 





After the data had been reduced to coefficient form by NASA/AMES, DMS 
interpolated it to nominal a's and g's. Then 2 types of base and sting 
cavity area coefficients were calculated. When they are applied 3 types 
of balance coefficient data exists. These can be distinguished by the 
last subscript (symbolic name) or postfix (mnemonic name). The key is i 
given below a“ 

U ~ uncorrected coefficients. 


coefficients with sting cavity pressure corrected to 
base pressure (without a suffix). 


F ~ forebody coefficients with the base area pressure 
corrected to freestream pressure. 


a 15 





mi 
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DATA REDUCTION (Continued) 


Only the correction coefficients associated with base pressure tapes | 
through 4 were applied to the longitudinal orbiter coefficients. 

Figure 2b illustrates the base area associated with each pressure 
tap. Alphabetic characters bf and sc designate body flap and sting cavity 
areas, respectively. Base area coefficient names have a numeric character 
which designates the pressure tap number. Base coefficients for vertical 
tail areas 5 and 6 were calculated but not applied to the total orbiter 
coefficients. Base area coefficient values are tabulated in the appendix. 
A detailed derivation of these coefficients follows. It is concluded by 
a matrix of base area geometric properties. 

The orbiter sting cavity force and moment coefficients were computed 
as: 


c, = &&p2 = Sp) AI 
Asc 5 


C : (Cy2 - C1) A, tan 12.55° 
Nsc S 


Xs¢ 


Zs et . 
Cmsc OAc. C sc C 


The orbiter force and moment coefficients corrected for the differ- 


ence between balance cavity pressure and orbiter base pressure: 


Ca = CA, - Chee 
C =€(, - C 
N Nu Noo 





These orbiter coefficients are part of datasets KE80$$. 
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DATA REDUCTION (Continued) 


Orbiter base force and moment coefficients were calculated as follows: 
Upper base area 
Cy2u = ~(Cp2 Agy tan 16°)/S 
Cazu = ~(Cp2 Agy)/S 


Cazgu 42u _ Sn2u X2u 
C 


Cm2u = C 


Lower base area 
CN, = -(Cyo A, tan 10°)/S 


Cao, = “(Cup Ag d/S 


z x 
Cm2, = Caz, 22 - Cn, -28 


Total base area, Ag 
Cy2 = Sno, + Cn2y 
Can = Caa * Cra, 
Cm2 = ma, * ome, 
= OMS pod base area, A3 


(This assumes the surface is perpendicular to the orbiter X-axis) 


Caz = -(Cp3 A3)/S : 





“= ws 


Z 
Cm3 = CA3 ie 


bret eee ad - i 


OMS pod baSe area, Ag ; 


(This assumes the surface is perpendicular to the orbiter X-axis) 
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DATA REDUCTION (Continued) 
Cag = ~(Coq Ag)/S 
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Cc 


H 


mg = Cag 


Coefficients for the above areas are grouped into datasets EE8D$$. 
Upper surface of body flap 


“Core Abf 
“Ape - Tbe 


——_——: 7 Lie Pa 


Sin (Sp¢ + 6.88°) 





-C A 
ONp¢ = Pi id cos (Spe + 6 .88°) 
ce Abe SbF Nye Moe 
eg 
where: 


a Cy200 * “B20 * Co204 + Sy205 


The orbiter force and moment coefficients adjusted to free stream 
pressure (forebody coefficients). 


“Cy Ay + 
SAY - (at 


Car 


Cay * “Abe 
S i=2 
Cue = Cy, (cup . CNbe) 
4 
Ome = Cmu (2, Cn. 3 Cnr) 


These orbiter coefficients are part of datasets KE80$$. 


Vertical tail "undercarriage" area, As 


Top Segment: 


Cyst = (Cos Ast tan 63.75°)/S 


1&8 
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DATA REDUCTION (Continued) 


Cast = - (Cys Ase)/S 


=3t XS 
C 


Cm5t > Cast =~ - Cyst 


Middle Segment: 
CnSm = (Cys Asm tan 26.1426°)/S 


Casm = ~ (Cys Asm)/S 


_ 


Cnsm = Casm — - CNsm —— 


Bottom Segment: 
CN5b = (Cp5 Adb tan 21.94°)/S 
Cash = - (Cos Asp)/S 
Z X 
Cm5b = Cash -22 - Cysp 22 
Total area, As: 


Cys = Cyst + Cysm + Cusp 


i 


Cas = Cast + Casm + Casp 
(ms = Cmst + Cmgm + Cnsb 
Vertical Tail base area, Ag: 
Segment above rudder 


Caéu ° (Cy Agy)/S 


26 x 
Cnéu * Agu ~4 - Cygy OH 
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DATA REDUCTION (Continued) 


Rudder/Speed brake base: 

CAG, = Cpg AG -s [sin (@-55.1667°) cos 55.1667" 
I + cos (6 -55.1667°) sin 55.1667° cos (ér)]/S : 
as Ne, = C6 Ae, [sin (@ - 55.1667°) sin 55.1667” 


- cos (@-55.1667°) cos 55.1667° cos (ér))/S 
: Cy6, = Cpg Ag-, cos (@ -55.1667°) sin ér/S 


| Cn6, = Cag, (26) - Cn (Xe, )I/c 
Cog, = [Cyg, (26,) I/b 


Cn6, = -[Cv6 (X6,)J/b 


> 


| 


On 


ey 


9 = tan! | 5.456791 + .573209 cos \2/ 
3.797715 - .823715 cos (F) 





N6+ = Ag,/sin 0 
‘ Total area, Ae: 
1; Cag = Caney + CAG, 


“Ng ~ Ney * Neg 





Gye = Sve, 


Cmg = Cmey + me, 





a Se Soi were = ees eee 


Cog = CLE, 


GU. “¢ 
z 


Cn6 = (ng 
'f 


as 


Vertical tail area coefficient data are grouped into datasets GES8D$$. 
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DATA REDUCTION (Continued) 
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DATA REDUCTION (Continued) 


beh Ao, ft 


0) 0.0066036 
25 0.0456000 
35 0.0621000 
55 0.0950806 
85 0.1551400 


= 15.045 + 1.442277 [1-cos (ésb/2) ] 


> 
nr 
{2 
§ 


9.755 + 0.501827 [l-cos (ésb/2) ] 


MN 
ov 
wo 
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Standard DMS loads cycle test procedures were used to process the 
QOA148 pressure data. First numerous pressure distribution plots were 
released. Analysis of these produced bad pressure data list. This list 


is reproduced below: 
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DATA REDUCTION (Continued) 


QA148 Bad Pressure Data 





Dataset 
Component No. 
Fuselage 1 
(B) 1 
1 
] 
1 
1 
1 
1 
1 
Lower Wing 1+ 7 
(L) 1 + 85 
1 
1 
1 
] 
T 
1 
1 
] 
Upper wing 17 
(U) 1 
Body Flap (F) 24 
Speed Brake (K) 1 + 85 
Vertical Tail 8 
(V) ALL 
79 
79 


Note: Wind tunnel pressure data tabulated in the appendix 


Tap 
No. 
143 
148 
150 
152 
186 
187 
189 
191 
193 


have the original bad data values. 
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DATA REDUCTION (Continued) 


These points were elininated from further processing. The remaining 


data 


were interpolated to nominal alpha and beta values. Processing was com- 


pleted with the release of a magnetic tape containing the final interpo- 


lated pressure coefficients. 


This report contains plots and tabular listings for both force and 


pressure data. Plotted force data illustrates lateral-directional, longi- 


tudinal and hinge moment characteristics of the configuration tested. 


Plotted pressure data illustrates the effect of several contro? deflec- 


tions and attitude changes on local pressure distributions. The multiple 


volume appendix contains a tabulated listing of the basic force and pres- 


sure data. Listing of the interpolated base area coefficients is also 


included. The plotted and tabulated data are arranged in the follow% 


manner: 
VOLUME 
NO. CONTENTS 

1 Force data plots showing lateral-directional 
longitudinal and hinge moment characteristics. 

2 PTots illustrating the effect of control surface 
deflections on fuselage, «ing and vertical tail 
pressure distributions. 
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DATA REDUCTION (Concluded) 
VOLUME 
NO. CONTENTS 
3 Tabulated Force Data 
Dataset Data type 
RE80$$ source balance coefficients 
RE8X$$ source hinge moment coefficients 
RE8Y$$ = source base pressure coefficients 
KE80$$. interpolated balance coefficients 
adjusted for cavity pressure and 
forebody coefficients 
EE8D$$ interpolated base and cavity area 
FE8D$$ = coefficients 
GE8D$$ interpolated vertical tail base 
area coefficients 
Tabulated Pressure Data 
Fourth 
Component Character* Page 
4, 5 orbiter fuselage 3 1 
6,7,8 Tower wing L 127) 
9,710,171 upper wing U 3147 
12 upper body flap F 5405 
12 lower body flap G 5774 
13 speed brake K 6143 
13 vertical tail V 6547 


* The fourth character in each dataset identifier (1.e., XE8BXX, B for 
Fuselage) represents the individual component. 
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TABLE J 


TEST? cag DATE $ May 1975 





TEST CONDITIONS 
NUMBER REYNOLDS NUMBER DYNAMIC PRESSURE {STAGNATION TEMPERATURE 
MACH NU (per foot ) oe inch) (degrees Fahrenheit) 
4.) Ot) 
4.166 120 
aise | a0 
Pal Bele 120 





rai ara tp came "ae TEI A ED 









BALANCE UTILIZED: .__ARC Task MK XA 


CAPACITY: ACCURACY: AOLCAAAES. 


ve 3000 Ibf/gage 
SF 00 1bf/gage 
AF = 600 Jbf 


Pm 000 ineIbF OL 
ey _.4000_in-lbf 


10,500 in-1bf 


COMMENTS: Maximum normal and side force dependent upon point of 
application 
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TABLE II. - Concluded. 
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TABLE TII 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT :,_ BODY =p 
GENERAL DESCRIPTION : _ Configuration JLOA/R orbiter fuselage 


NOTH Bog is identical to Boy except underside of fuseluge bas been | 


refaired to accept Wid: 





MOVEL SCALE: 0,030 MODEL, DRAWING: US-AUOIL, Releuse J2 


ORAWING NUMBER - 


DIMENSIONS ; 


Length (OMI: 


Max Width (@ Xp 


Max Depth (@ Xp 


1528.3), In. 


1464), In. 


Fineness Ratio 


Area 


~ Fte 
Max. Cross—Sectional 
Planform 


Wetted 


Bose 


aA 


VL70-000140A, -000140B 


¢ 


FULL SCALE 


Fwd Sta. X¢ =235),In. 1293.3 
Length (IML: Fwd Sta X =238), 


Tn 1290.3 


340.88 


| 





MODEL SCALE 


38.799 

38.'/ 09 
ee OA: 0 
ane O°, 0 
ae ¢ PY". -) 
02-3068 


TABLE III (Continued) 


MODEL COMPONENT ©, BODY = Bog 
GENERAL DESCRIPTION : ___ Configuration LUOA/B orbiter fuselage with 
forward fuselage RUG thruster ports, otherwise Bog is identical to 


Bg: 


MODEL SCALE: 0.030 


DRAWING NUMBER . Te OOOLLOB 4 -DO01438, -000 1445. =000200, 
VL70-000205, ~006089, -008501, -008502, ~008296 





DIMENSIONS . FULL SCALE MODEL SCALE 
Length (OMI: Fwd Sta Xo=235), In. 1293.3 38.799 
Length (IMI: Fwd Sta X, =238), In.2290.3 8.70 


Max Width (@ XQ = 1528.3), In. 
Max Depth (@ X59 = 1464), In. 


Fineness Ratio 


FF 
i 








Area = Ft* 
Mox. Cross~Sectional 240.88 0 3068 
Planform 
Wetted ee ee 
Base ees 





\ 
i 
' 





7 _ ov > eee 
. 





td. 


a 


“ae 


se 


TABLE III (Cont'd) 


MODEL COMPONENT meee GANDY Cy 








Se eer sere ~ ag 


GENERAL DESCRIPTION: . ~ onfirupation 2A, fanopy aed with fuselage 


Neo 
ae RRR — NR ate 


MODEL SCALE: 0.030 MODEL DWG: 77AO0147, Release 12 


DRAWING NUMBER. —UE20-000143A 


DIMENSIONS : FULL SCALE MODEL SCALE 


Length (X,™434.643 to 578), In, 


Max Width (@ Xr) = 513.127), In. 152.412 4.572 
Max Depth ( Xr = 485.0), In, 25.00 0.750 
Fineness Rotio ie a 
Area ee, 
Max. Cross~Sectiona! ee et 
Planform a aa ee 
Wetted Seite a 
Base ee 
3h 


| 
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MODEL COMPONENT 


GENERAL DESCRIPTION —$.0 In. FS. caps machined inte Ro eleven, g 


TABLE TIT (Cont'd) 


RLEVON = F; 





Flinper doors centerbody pieces, and tipneals are not. simulated, 


(Nata are for one of two sides. ) 
ee 


_MODEL SUALF: 


DRAWING 








NUMBER 


DIMENSIONS 


Area = Ft 


2 


Span (equivalent) , In. 


Inb’d equivalent chord, In. 


Outb'd equivalent chord , In. 


Ratio novable surface chord,’ 


total surface chord 


At Inb'd equiv. chord 


At Quth’d equiv. chord 


sweep Back Angles, degrees 


Area Moment ( bammebeadoagedute) , Ft 


Leading Edge 
Tratling Edge 


Hingeline _ 
(Product of Area & c) 


Mean Aerodynamic Chord, Tn. 
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FULL SCALE 


210.0 


118.0 





| 














2.2096 0.2096 
0.4004 0.4004 
SEE Oe anor, 
0.00 0.00 
=10,056 = ~_].0,056 
0.0 0.0 
be te 
31587 ,25 0.0429 
90.7 2.721 


ee ee 


0.030 
LS eS 


MODEL SCALE 


0.189 


10.476 
3.54 


j 














TABLE III (Cont'd) 


spel LL 8 Se eae A ee 


GENERAL DESCRIPTION : ___ Configuration 140A/B 





oe a 


MODEL SCALE: 0.030 | 


DRAWING NUMBER: VL70-O001L0B, -000200 


DIMENSIONS ; 


Length (Chord), In. 
Max Width , In. 


Max Depth, In. 


Fineness Ratio 
Area = Ft? 
Mox. Cross—Sectional 


Plenform 


Wetted 


Base 


























FULL SCALE MODEL SCALE 

ae: Se 2. 541 
—_262.308 7.869 
23.00 0.690 
142.60 0.128 
ae 0.0377 

REPRODUCIB! STV Oe ™U \ 

eee sue 8 
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TABLE III (Cont'd) 


MODEI. COMPONENT :__OMS POD = Mag 





GENERAL DESCRIPTION : _ Confieuration 140C orbiter OMS pod = short pod. 
External contour is to referenc } wit " ad te 
TPS, : 


MODEL SCALE: 0.015 


DRAWING NUMBER:  VL70-008L01, -008&10 =F 


DIMENSIONS : FULL SCALE MODEL SCALE 


Length (OMS Fwd Sta Xp =1310.5),Inw258.50 = 7.755 





Max Width (@ Xg = 1511), In. 136.8 10 
Max Depth (@ X, = 1511), In. 74.70 2.241 
Fineness Ratio 248k 2.48, 
Area - Ft" ee ee 
Max. Cross—Sectional ww 28-865 __ i053 } 
Planform een ees | 
Wetted Nc eae cas ; 
Bose jaemininmaaiemeiels. ieee ne | 
| 
| 
7 | 





TABLE, IIT (Cont'd) 


OMS 
MODEL COMPONENT: MBS-No44a - of 


TENSREL DESCRIPTION: 





ee a Ee Pen eee 


OE Se ETS Sr Pr pelrarSnSspas-varaehpssvselp-tshen-s‘abasvdusput-ciecp 


MODEL SCALE: 0.030 





DRAVING NUMBER; VIiL70-O001L0A (Locatio So= 


DIMENSIONS: 
MaCH NO. 


Length - In. 
Gimbal Point to Exit Plane 
Throat to Exit Plane 


Diameter - In. 
axit 
Throat 
Inlet 

é£rea - £t° 
Exit 
Throat 


Gimbal Point (Station) - In. 
Left Nozzle 


Right Nozzles 
kQ 
YO 
Ley 


Null Position - Dey. 
Left - Nozzle 
Pitch 


Yaw 


Right Nozzle 
Pitch 


Yaw 
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....fonfirnration AOA/B orbiter OMS nozzles. 


FULL SC+LE 


ae °49! 
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15°49! 
12°17!" 


ae Baas 





15°L9! 
2287" 


“eo ae ow 


ee ey 


eee 2 eee 
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TABTE III (Cont'd) 


MODEL COMPONENT _ RUDDER ~ Re 


GENERAL DESCRIPTION Configuration 140C orbiter rudde 


identic to 


configuration 140A/B rudder), or pee Ae 


re ns 
MODEL SCALE: 0.030 
ee erence, 


DRAWING NUMBER _VL70-000146B, ~000095 





DIMENSIONS FULL SCALE 
Area = Ft* 100.15 
Span (equivalent) , In. 201,00 
Inb'd equivalent chord, In. 22. 585 
Outb’d equivalent chord, In. —~ 20,833 
Ratio novable surface chord/ : 
total surface chord te 
At Inb’d equiv. chord we 00 
At Outb’d equiv. chord —9.400_ 
Sweep Back Angles, degrees 
Leading Edge owned 83 
Trailing Edge 26.25 
Hingeline ae 1'YS 5 


(Product of area & c) 


Area Moment bSoonebenhbangeetinad ,Ft?_610,92 


Mean Aerodynamic Chord, In. 73.2 


4) 


MODEL SCALE 


0.090 
ee 


6.030 
2.7h8 


1.52 


0.400 


0.400 





|S 
26.25 


34.83 
9.9165 


2. 196 





TARLE ITI (Cont'd) 
MODEL COMPONENT: VERTICAL - Vg 





GENERAL DESCRIPTION: Configuration 140C orbiter vertica]) tail, 
(Identical to configuration 140A/B vertical tail, ) ee ee ace eee 





ae Ee ee ee 5 a 


MODEL SCALE; 0,030 
DRAWING NUMBIR: VL70-000140C, -OOOIJL6B = 


—e fee eee | oe oe 








DIMENSIONS : FULL SCALE MODEL SCéLE 
TOTSL DATs 
Area (Theo) - Ft" 7 
Planform 413.253 0.372 
Span (Theo) - In. 315.72 2 
£spect Ratio 1,675 VOT. 2: 
Rate of Taper 0.507 0.507. 
Taper Ratio 0,404 _ 0,404  .. 
Sweep-Beck Angles, Degrees. 
Leading Edge 45.000 _45.000_ 
Trailing Edge 26.25 26.25 


0.25 Elemene Line 


Chords: 
Root (Theo) ‘“P 266,50 __8.055 
Tip (Theo) “P 108, 4" de By 
MAC A998 5 29K. 


Fus. Sta. of .25 Mac 
W.P. of 025 MAC 
B.L. of .25 MAC 


Airfoil Section 


Leading Wedge single - Deg. 10.0 10.0 _ 
Trailing Wedye Anvle - Deg. . ls a aie 
Leading; Edge Radiu. 2.0 0.0 0 
Void srea 13.17 0.0019 __ 
Blanketed sreu 0.0 0,0 _ 
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MODEL COMPONENT: WING] 


NOTE: Identical to W except 


traiiing edge of wing. 
MODEL SCALE: 0.030 
TEST NO. 
DIMENSIONS ; 


TOTAL DATA 2 
rea .lneo.) Ft 
Pianform 
Span (Theo In. 
Aspect Ratio 
Rate of Taper 
Taper Ratio 
Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees | 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 
Root La B.P.0.0. 
Tio, (Theo 
MAC 
Fus. Sta. of .25 MAC 
WeP. of «25 MAC 
B.L. of .25 MAC 
EXPOSED DATA 
Area (Tneo) 
Span, (Theo) 
Aspect Ratio 
Taper Ratio 
Chords 
Root BFI08 
Tip 1,00 b 


MAC 
Fus. Sta. of .25 MAC 
WeP. Of «25 MAC 
BeL. of .25 MAC 
Airfoil Section (Rockwell Mod NASA) 
XXXX~64 


Root b 
2 

Tio b = 
2 


et @ 


Ft 
In. BP108 


Da*a for (1) of (2) Sides 
2acing Edge eure 2 
ae Ary “orm Area 
reading Edae iar Fus M. L. @ Sta 
leading Edae Intersects Wing @ Sta 
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TABLE III (ctonl'a) 


OWG. NO. VL70-000140A, ~000200 
FULL~SCALE 


2690.00 
936.68 
eS 
ee Pf 
eens 200, 


as Fp 9.0) 
ae 200, 
000 


mets. 000 


He 


62,0 


: 


392.83 


251.77 


0.113 








GENERAL DESCRIPTION: Configuration & 





MODEL SCALE 


2.421 
28.10 
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BODY FLAP DEFLECTIONS 


S77 a 


: 4 oh Zo ” 287.0 
Xo = 1532 


b. Definition of Angular Measurements 
Figure 1. - Continued. 
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c. Elevon Hinge Moment Sign Convention 


Figure 1. - Concluded. ! 
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b. Base Pressure Taps and Areas 
Figure 2. - Continued. 
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PRESSURE ORIFICE LOCATION OF LEFT WING PANEL 
215 


227 
228 
vi 


7 = 0.299 (Cr ocak - 78! IN.) 
237 —— | a 









, 232 ae 239 
1 
b47/ 249 254 7» = 0,364IN, 
250 /255 
Ape hss 262 par A 260\ 368 
256 257 se 261 264 255 ok 
AR (275 276 277 79 282 7 = 0,427 IN 
Y_ = 200 rr — 296 (CLOCAL - 469 IN.) 
° 283 ca 289 290 / 1 | 1 
293 3 
=e so . 
Y. = 250 NGS 3 oe To n = 0,534 IN, 
° ce 323 
sap — i | 318 ; oot (CLOcaAL ~ 395 IN, ) 
313 3 ial 350 
¥_ 2315 =r 325 a 335 4, 1:7 0,673 INs 
336 337 = = 341342 Maa 34s 346 (CrLocaAL 7 318 IN, ) 
eae 349 350 3517353~355~357 = 0,780 IN, 
- : 
2 358 -— 362 363 — 366 (Cy ocaL > 258 IN.) 
3 | 
363 370 371 ae 3 B6 7 = U.887 IN, 
Y =415 367 ese 386 C -.200 IN, 
o 377 378 379380-383 ~ 491 (CLOCAL 
388 = 338 392 7 = 0.972 IN, 
Y= 455 387 aoa *”° 3 
395 (Cr ocaL ~ 158 IN.) 
WING TIP a78 n = 1,00 


ELEVONS HL FUSELAGE STA 1387 


Fuselage, Vertical Tail, and Wing Pressure Tap Locations 
Figure 2. - Continued. 
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Figure 3. - Model installation photographs. 


a. Three Quarter Front View of model 47-0 in the ARC 11 x 11 UPWT 
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APPENDIX 
VOLUME 
NO. CONTENTS PAGES 
3 TABULATED FORCE DATA 1-723 
TABULATED PRESSURE DATA 
COMPONENT 
4, 5 Orbiter fuselage 1-1270 
6, 7, 8 (Note) Lower wing 1271-3146 
9, 10, 11 (Note) Upper wing 3197- 5404 
‘ 12 Upper body flap §405-5773 
12 Lower body flap 5774-6142 
13 Speed brake 6143-6546 
13 Vertical tail 6547-7114 


Note: Data tabulated at 2Y/BW = .673, X/CW = .775, .850, .950 & 1.00 
were actually located at 2Y/BW = .641, X/CW = .775, .850, .950 
& 1.00 as shown in Table V on page 47. 
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